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0 A cold-cathode electron source element of the 
present Invention has a cold cathode (10) on a 
substrate (1). and the cold cathode (10) comprises a 
cold cathode base material (4) and particles (8) o1 
conductive material dispersed in the cold cathode 
base material (4), the particles having a diameter 
which is sufficientiy smaller than the thickness of the 



cold cathode (10) and a worl< function which Is lower 
than that of the cold cathode base material (4). The 
cold-cathode electron element of the present inven- 
tion can be driven at a low voltage and provWe a 
high emission curent in a stable fashion and supe- 
rior processibility of cold cathodes, whereby it Is 
possible to enlarge the area of an element 
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RArKfiRQUND OF THE INVENTION 



Field of the Invention 

This invention relates to a cold cathode elec- 
tron source element and a method for manufactur- 
ing the same. 

Background Art 

Field emission type electron sources can be 
manufactured to a micron size by virtue of semi- 
conductor micro-processing technology and are 
easy to integrate and process batchwise. They are 
expected to find application in GHz band amplifiers 
and high-power/high-speed switching elements, to 
which thermionic emission type electron sources 
could not be applied, as well as electron sources 
for high definition flat panel displays. Active re- 
search and development efforts have been made 
thereon over the world. 

Prior art examples of the field emission type 
electron source are described below. Japanese 
Patent Application Kokai (JP-A) No. 274047/1988 
proposes a thin film field emission type electron 
source which includes, as shown in FIG. 35. a cold 
cathode 52 and an opposing gate electrode 53 
deposited on an insulator substrate 51 with a spac- 
ing of 0.3 to 2 urn wherein a voltage is applied 
across the cold cathode 52 and the gate electrode 
53 in vacuum to induce electron emission. This 
cold cathode 52 is formed using a FIB (focused ion 
beam) technique, especially with the end of con- 
vergent fingers being sharply pointed. The FIB 
technique used herein, however, makes it difficult 
to manufacture an element with a large surface 
area and increases the manufacturing cost 

When a large surface area and manufacturing 
cost are taken into account, on the other hand, 
patterning by photolithography is deemed appro- 
priate. However, the current photolithography is 
limited to a patterning diameter of the order of 0.5 
urn since the diameter of an electron beam spot is 
the minimum patterning diameter. As a conse- 
quence, in order to form the cold cathode 52 with 
sharply pointed fingers, various additional steps 
must be taken. As the number of steps increases, 
the possibility of damaging the element, especially 
its cold cathode finger tips increases, which causes 
a lowering of the manufacturing yield of elements. 
Most of the cold cathode sharpening steps are 
complex and difficult to control the shape. 

JP-A 49129/1991 proposes a thin film field 
emission type electron source in which as shown in 
FIG. 36. a cold cathode 63 and a gate electrode 64 
are formed parallel on the surface of an insulating 
layer 82 on an insulator substrate 61 by a cleavage 
and fracture process using ultrasonic wave. The 



thin film field emission type electron source shown 
in FIG. 29, however, has the problems that because 
of the concomitant ultrasonic fracture, formation of 
the cold cathode 63 to a uniform shape is lechni- 
5 cally difficult and the thin film from which the cold 
cathode 63 is formed receives substantial dam- 
ages. 

JP-A 252025/1991 proposes a thin film field 
emission type electron source in whfeh as shown in 
w RGS. 37 and 38, a cold cathode 73 having a 
plurality of convergent fingers are formed on an 
insulating layer 72 on an insulator substrate 71 by 
a photo-etching technique and thereafter, the con- 
vergent fingers at their tip are sharply pointed 
IS utilizing an isotropic etching technique. It is noted 
that 74 in FIG. 30 is a gate electrode 74 opposed 
to the cold cathode 73. In this electron source, 
however, it is difficult to control the shape of the 
cold cathode 73 by a choice of etching conditions. 
20 The process is not applicable where no undercut- 
ting takes place due to fonnrtation of a skle wall 
protecting film or some other reasons. 

Also JP-A 220337/1990 disctoses to coat the 
cold cathode 73 on its surface with a transition 
25 metal carbide, metal oxide or rare earth oxide that 
is a low work hjnction material which is chemically 
stable and likely to emit electrons into vacuum. 
However, it is difficult to limit such coating to the 
cold cathode 73 and the like. 
30 As mentioned above, in the case of prior art 
field emission electron sources, the shape of a cold 
cathode including pointing of cold cathode finger 
tips could not be properly defined and it was 
impossible to use a low work function, chemically 
35 stable material as the cold cathode because of 
difficulty of micro-processing. These undesirably 
inhibited manufacture of a stable field emission 
electron source having satisfactory properties. 
USP 5,019.003 discloses a field emitting de- 
40 vice having a plurality of preformed emitter (or cold 
cathode) particles distributed on a support. In this 
device, as shown in FIG. 39. a plurality of conduc- 
tive obiects 201 are distributed on a support sub- 
strate 100. the conductive objects 201 being coup- 
es led to the substrate 100 by a bonding agent 101. 
The conductive objects 201 may be of molyl>- 
denum. titanium carbide or the like, preferably have 
geometrically sharp edges, and function as emit- 
ters. It is described that instead of or in addition to 
so the conductive ol^ects 201 , insulating objects 203 
may be used as shown in the figure and in such a 
case, the insulating objects 203 are coated with a 
conductive thin layer 202 for practical use. A layer 
of the bonding agent 101 has a thickness of about 
55 0.5 am. and the conductive objects 201 and the 
coating of the insulating object 203 with the con- 
ductive thin layer 202 have a length (or maximum 
dimension) of about 1.0 am so that a sufficient 
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quantity of the conductive objects 201 are ex- 
posed. An actual field emitting device is assembled 
by adding an anode and a gate to the emitter 
section. 

The resulting field emission device is shown in 
FIG. 40 wherein an insulating layer 409 is \ome6 
on the support 100 having a pluralrty of emitter 
objects 201 bome thereon, with some of the emit- 
ter objects 201 left uncovered. On the insulating 
layer 409 is formed a conductive layer 401 func- 
tioning as a gate for adjusting electron flow. On the 
conductive layer 401 is formed an insulating layer 
402. Disposed on the insulating layer 402 is a 
screen 404 having an anode function too. A lu- 
minescent layer 403 is formed on that side of the 
screen 404 which faces the emitter objects 201. 
The screen 404 is coupled in vacuum as by solder- 
ing, with the encapsulated areas 406 being evacu- 
ated. Voltage application causes the emitter objects 
201 to emit electrons and by the action of emitted 
electrons, light emission 408 occurs through the 
screen 404. 

In the device disclosed in this patent, since 
there are some sites where the emitter objects 201 
are in contact with the insulating layer 409 as is 
evident from FIG. 40, on voltage application, the 
voltage can concentrate at the insulating layer 409, 
increasing the risk of breakage. If the insulating 
layer 409 is made thick in order to prevent such 
breakage, the voltage applied for electron emission 
must be undesirably increased. 

SUMMARY OF THE INVENTION 



An object of the present invention is to provide 
a cold cathode electron source element which can 
be driven with a low voltage to provide high emis- 
sion current in a stable manner, is improved in 
processing of the cold cathode, and can have an 
increased surface area as well as a method for 
manufacturing the same. 

This and other objects are achieved by the 
present invention which is defined below as (1) to 
(12). 

(1) A cold cathode electron source element hav- 
ing a cold cathode. 

said cold cathode comprising a cold cath- 
ode base and particles of a conductive materia) 
dispersed and contained in said base and hav- 
ing a lower work function than said base and a 
particle size which is less than the thickness of 
said cold cathode, 

said particles being dispersed in a substan- 
tially discrete relationship and exposed at a sur- 
face of said cold cathode. 

(2) The cold cathode electron source element of 
(1) wherein said particles have a mean particle 
size of 0.05 nm to 50 nm as determined from X- 



ray diffractometry. 

(3) The coW cathode electron source element of 
(1) or (2) wherein sakl particles have a mean 
particle size of 0.5 nm to 50 nm as measured by 
observation under a transmisston electron micro- 
scope. 

(4) The coW cathode electron source element of 
any one of (1h(3) wherein said particles are 
contained in an amount of 1 to 50% by volume 
based on said cdd cathode base. 

(5) The coW cathode electron source element of 
any one of (1)-(4) wherein said partides pro- 
tnjde from the surface of said cold cathode. 

(6) The cold cathode electron source element of 
any one of (1)-(5) wherein saW coW cathode is 
obtained by depositing a component for said 
cold cathode base and a component for said 
conductive material by a vapor phase technique. 

(7) The method for preparing the coW cathode 
electron source element of any one of (1H5) 
wherein said cold cathode is prepared by al- 
ternately depositing a thin layer of a component 
to constitute sakl cold cathode base and a thin 
layer of a component to constitute said conduc- 
tive material particles to thereby form a cold 
cathode-forming conductor layer. 

(B) The method for preparing a cold cathode 
electron source element of (7) , 

wherein said method comprises the steps of 
forming an amorphous or microcrystalline coW 
cathode-forming conductor layer and effecting 
heat treatment on the cold cathode-forming con- 
ductor layer. 

(9) The method of (8) wherein said heat treat- 
ment is effected at a temperature in the range 
from a film deposHing temperature to 700 'C. 

(10) The method of (7) wherein said method 
comprises the steps of alternately depositing a 
thin layer of a component to constitute saW cold 
cathode base and a thin layer of a component to 
constitute said conductive material particles to 
thereby form a cold cathode-forming conductor 
layer. 

(11) The method of (10) wherein said thin layer 
of a component to constitute said conductive 
material particles has a thickness of 0.5 nm to 
50 nm. 

(12) The method of any one of (10)-(11) wherein 
after the conductor layer for the cold cathode is 
formed, said cold cathode-forming conductor 
layer is heat treated at a temperature in the 
range from a film depositing temperature of said 
cold cathode-forming conductive layer to 
700 • C. 
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FUNCTION AND EFFECTS 

In the cold cathode electron source element of 
the invention, a cold cathode on a substrate has 
dispersed and contained in a cold cathode base a 
conductive material which has a lower work func- 
tion than the base and is in the form of particles 
having a particle size sufficiently smaller than the 
thickness of the cold cathode. The element altows 
for emission of electrons with a low voltage and 
offers a high emission current. Since the cold cath- 
ode base can be processed by a conventional 
photo-process and etching, it can be simply config- 
ured to any desired shape and the cold cathode 
electron source element can be increased in sur- 
face area. Also since the conductive material par- 
ticles are dispersed in an exposed or protruding 
stale with respect to the surface of the coW cath- 
ode, the concentration of an electric field altows 
electrons to be extracted with a low voltage to 
produce a high emission current. The conductive 
material particles with a smaller mean particle size 
have advantages of a high emission current, cre- 
ation of a multiplicity of electron emitting points, 
and a stable emission current behavior. 

These eliminate a need for a complex process 
for shaping the cathode so as to have pointed tips 
with a small curvature radius as required in the 
prior art. 

Fabrication of the cold cathode is facilitated by 
forming an amorphous or microcrystalline cold 
cathode-forming conductor layer containing an ele- 
ment to constitute the cold cathode base and an 
element to constitute the conductive material and 
heat treating the conductor layer. The cold cathode 
base and the conductive material are both en- 
hanced in crystallinity. The enhanced crystallinity 
of the cold cathode base accompanies the in- 
creased purity of the cold cathode base and altows 
for easier etehing within a shorter time, so that the 
processability of the cold cathode base is substan- 
tially improved and the manufacturing cost is re- 
duced. Also the enhanced crystallinity of the con- 
ductive material allows tor electron extraction with a 
low voltage tor producing a stable high emission 
current flow. By separating the film deposition step 
and the heat treatment step, a high manufacturing 
efficiency is achieved. 

In the embodiment wherein a thin layer of an 
element(s) to constitute the cold cathode base and 
a thin layer of an element(s) to constitute the 
conductive material particles are alternately depos- 
ited to form a cold cathode-forming conductor layer 
and the cold cathode-forming conductor layer is 
then processed into a cold cathode, the particle 
size of the conductive material parttoles can be 
controlled in tennns of the thickness of the thin layer 
of the element(s) to constitute the conductive mar 



terial particles and thus preparatton of the cold 
cathode becomes easier. More specifically, in tiie 
embodiment wherein the thickness of a tiiin layer 
of element(s) to constitute the conductive material 

5 parttoles is set within a specific range, since this 
thin layer has an island structure ratiier than a 
continuous film structure, it is possible to form a 
cold cathode-forming conductor layer having a 
structure wherein the conductive material particles 

10 are substantially dispersed in the cold cathode 
base. 

The cold cathode-forming conductor layer can 
be readily etched with an etchant for the cold 
cathode base, tiiereby forming a cold cathode. At 
15 the same time, a structure wherein tiie conductive 
material parttoles are exposed at or protrude from 
the etehed section of tiie cold cathode can be 
consislentiy formed in a reproducible manner. 
Then a cold cathode electron source element 
20 which can be driven with a low voltage and pro- 
duce high emisston cunrent in a stable manner can 
be manufactured in high yields. 

Moreover, where the coW cathode-forming con- 
ductor layer is further heat treated, the cold cath- 
25 ode base and conductive material particles are 
increased in crystal grain size and the element(s) 
to constitute the conductive material particles which 
is incorporated into the cold cathode base as an 
impurity and the element(s) to constitute the cold 
30 cathode base whtoh is incorporated into the con- 
ductive material particles as an impurity precipitate 
at grain boundaries, resulting in a substantial in- 
crease of the dispersity of the conductive material 
particles in the cold cathode-forming conductor lay- 
35 er. As a result, when tiie cold cathode is formed, 
the etehing rate associated with chemical etching 
can be increased. Furthermore, since the mean 
parttote size of the conductive material particles is 
uniformed approximately to the thickness of a thin 
40 layer of the element(s) to constitute the conductive 
material partictes, a cold cathode electron source 
element capable of uniform electron emission over 
an increased area can be formed. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

RG. 1 is a fragmentel enlarged perspective 
view of a cold cathode electron source element 
according to one embodiment of the invention. FIG. 

50 2 is a cross-sectional view showing a process for 
manufacturing the cold cathode electron source 
element of FIG. 1. FIG. 3 is a cross-sectional view 
showing a process for manufacturing the cold cath- 
ode electron source element of FIG. 1. FIG. 4 is a 

65 cross-sectional view showing a process for manu- 
facturing the cold cathode electron source element 
of FIG. 1. FIG. 5 is a cross-sectional view showing 
a process for manufacturing the cold cathode elec- 



4 



5 



7 



EP0 681 312 A1 



8 



tron source element of FIG. 1. FIG. 6 is a cross- 
sectkmal view showing a process for manufacturing 
the cold cathode electron source element of RG. 1. 
FIG. 7 is a plan view showing one exemplary 
pattern of the cold cathode electron source ele- 
ment of FIG. 1 . FIG. 8 is a schematic view showing 
one exemplary co-sputlering apparatus used in the 
present invention. FIG. 9 is a cross-sectional view 
showing a manufacturing process wherein the cold 
cathode of the cold cathode electron source ele- 
ment of FIG. 1 is formed by heat treatment. 

FIG. 10 is a cross-sectional view of a cold 
cathode electron source element according to an- 
other embodiment of the invention. RG. 11 is a 
cross-sectional view showing a process for manu- 
facturing the cold cathode electron source element 
of FIG. 10. FIG. 12 is a cross-sectional view show- 
ing a process for manufacturing the cold cathode 
electron source element of FIG. 10. RG. 13 is a 
cross-sectional view showing a process for manu- 
facturing the cold cathode electron source element 
of FIG. 10. FIG. 14 is a cross-sectional view show- 
ing a process for manufacturing the cold cathode 
electron source element of FIG. 10. RG. 15 is a 
cross-sectional view showing a process for manu- 
facturing the cold cathode electron source element 
of RG. 10. FIG. 16 is a plan view showing one 
exemplary array of the cold cathode electron 
source element of RG. 10. 

FIG. 17 is a schematic view showing one ex- 
emplary multi-source sputtering apparatus used in 
the present invention. RG. 18 is a schematic view 
showing one exemplary dual shutter type sputter- 
ing apparatus used in the present invention. 

FIG. 19 is a fragmental enlarged perspective 
view of a cold cathode electron source element 
according to a further embodiment of the invention. 

FIG. 20 is a cross-sectional view of a cold 
cathode electron source element according to a 
still further embodiment of the invention. FIG. 21 is 
a cross-sectional view showing a process for manu- 
facturing the cold cathode electron source element 
of FIG. 20. FIG. 22 is a cross-sectional view show- 
ing a process for manufacturing the cold cathode 
electron source element of FIG. 20. RG. 23 is a 
cross-sectional view showing a process for manu- 
facturing the cold cathode electron source element 
of FIG. 20. FIG. 24 is a cross-sectional view show- 
ing a process for manufacturing the cold cathode 
electron source element of FIG. 20. RG. 25 is a 
cross-sectional view showing a process for manu- 
facturing the cold cathode electron source element 
of RG. 20. FIG. 26 is a plan view showing one 
exemplary gate wiring pattern of the cold cathode 
electron source element of FIG. 20. 

FIG. 27 is a cross sectional view showing one 
exemplary application of the cold cathode electron 
source element of the present invention. 



RG. 28 is a diagram showing the results of X- 
ray diffractomelry on a cold cathode-forming con- 
ductor layer both as deposited and as heat treated 
according to the present invention. RG. 29 is a 

5 diagram showing in comparison the results of X-ray 
diffractometry on cold cathode-forming conductor 
layers according to the present invention. 

RG. 30 is a TEM photograph of a cold cath- 
ode-forming conductor layer as deposited accord- 

10 ing to the present invention. FIG. 31 is a TEM 
photograph of a cold cathode-forming conductor 
layer as heat treated according to the present 
invention. 

FIG. 32 is a diagram showing the results of X- 
15 ray diffractometry on a cold cathode-forming con- 
ductor layer both as deposited and as heat treated 
according to the present invention. 

FIG. 33 is a graph showing the emission cur- 
rent versus gate voltage of a cold cathode electron 
20 source element according to the present invention. 
FIG. 34 is a graph showing an F-N plot of a cold 
cathode electron source element according to the 
present invention. 

FIG. 35 is a partial perspective view of one 
25 example of the prior art electron source. FIG. 36 is 
a partial perspective view of another example of 
the prior art electron source. FIG. 37 is a partial 
perspective view of a further example of the prior 
art electron source. FIG. 38 is a partial perspective 
30 view of a still further example of the prior art 
electron source. FIG. 39 is a partial cross-sectional 
view of a yet hjrther example of the prior art 
electron source. RG. 40 is a cross-sectional view 
of a still further example of the prior art electron 
35 source. 

BEST MODE FOR CARRYING OUT THE INVEN- 
TION 

40 Now the illustrative construction of the present 
invention is described in detail. 

The cold cathode electron source element of 
the present invention has a cold cathode base on 
an insulating substrate and a conductive material 
45 as an emitter substance is dispersed in the cold 
cathode base as a matrix to form a cold cathode. 
The conductive material used herein is in the fom^ 
of microparticulate or submicron particles having a 
particle size which is sufficiently smaller than the 
60 thickness of the cold cathode itself. Individual par- 
ticles are dispersed in a substantially discrete rela- 
tionship and exposed at the surface of the cold 
cathode, The conductive material used is one hav- 
ing a lower work function than the cold cathode 
55 t>ase. 

This element construction eliminates complex 
processing steps, enables to extract electrons at a 
low voltage, and produces a high emission current 
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flow. In contrast, if the conductive material particles 
have a particle size whicfi is greater than the thick- 
ness of the cold cathode, micro-processing of the 
cold cathode becomes difficult and the likelihood of 
short-circuiting between the cold cathode and the 
gate electrode increases. If the relationship of work 
function between the two materials is other than the 
above-defined, the advantages of the invention are 
lost. 

One exemplary anrangement of such a cold 
cathode electron source element is illustrated in 
FIG. 1 . The cold cathode electron source element 
shown in RG. 1 includes an insulating layer 2 on 
the surface of an insulating substrate 1. a cold 
cathode or emitter 10 on the insulating layer 2, and 
a gate electrode 7 formed in close proximity to the 
cold cathode 10. The cold cathode 10 is formed of 
a cold cathode base 4 having dispersed and con- 
tained therein conductive submicron particles 8 of 
a conductive material as described above. 

In order to manufacture a cold cathode electron 
source element having satisfactory performance, 
the conductive submicron particles B having as 
small a particle size as possible are formed using a 
chemically stable material having a low work func- 
tion as mentioned above and a design of anrange- 
ment is made such that the cold cathode 10 may 
be closely spaced from the gate electrode 7. 

Desirably the conductive submicron particles 8 
used herein have a particle size of 0.5 to 50 nm, 
preferably 0.5 to 20 nm. more preferably 1 to 10 
nm as determined from the highest orientation 
peak in an X-ray diffractometry (XRD) spectrum 
according to Scherrer's equation. Also an observa- 
tion under a transmission electron microscope 
(TEM) reveals that when a film is properly depos- 
ited, the conductive submicron particles in primary 
particle form are present at the grain boundary of 
the cold cathode base component. Desirably the 
primary particles have a number average particle 
size of 0.5 to 50 nm. preferably 0.5 to 20 nm, more 
preferably 1 to 10 nm as determined from a TEM 
photograph. It is to be noted that on a TEM ob- 
servation, secondary particles which are agglomer- 
ates of primary particles (agglomerate structures 
such as spherical and island agglomerates) can be 
found under certain film deposition conditions al- 
though it is preferred that the particles be present 
as discrete single particles (or primary particles). 

Preferably the conductive submicron particles 
8 are uniformly dispersed in the cold cathode base 
4, ensuring high emission current. Also preferably 
the conductive submicron particles 8 are dispersed 
such that they are exposed at or protrude from the 
surface of the cold cathode 10 as shown in the 
figure. Such a dispersion allows for concentration 
of an electric field which enables to extract elec- 
trons with a low voltage and provide high emission 



current. It is understood that the conductive sul>- 
micron particles 8 are exposed at the surface of 
the cold cathode 10. but usually protrude from the 
surface as a result of etching which will be de- 

5 scribed later. 

Furtfier the distance d t)etween the cold cath- 
ode 10 and the gate electrode 7 (see FIG. 1 as well 
as FIGS. 6, 10 and 19 which will be explained later) 
is preferably about 0.1 to about ^ um. 

10 For the conductive submicron particles 8, use 
is made of a material which is chemically stable 
and has a sufficiently tow work function to readily 
emit electrons into vacuum. More particularly, there 
are used metal cartMdes such as TiC, ZrC, fHfC, 

IS TaC, NbC, MoC. and WC; metal nitrides such as 
TaN. TIN. ZrN, and HfN; rare earth metal borides 
and transition metal borides such as LaBe, TaB, 
TiB2, ZrB2. and HfB2; diamond; conductive carbon 
such as graphite; and materials containing at least 

20 one of them. 

The material used as the cold cathode base 4 
is selected from good conductor materials un- 
susceptible to cartM)nization such as Ag, Cu. Ni, Al, 
and Cr If the conductive submicron particles 8 are 
25 of carbides; good conductor materials unsuscep- 
tible to nitridation such as Ag, Cu, Ni, and Cr if the 
conductive submicron particles 8 are of nitrkles; 
good conductor materials unsusceptible to boride 
formation such as Ag, Cu, and Cr if the conductive 
30 submicron particles 8 are of borides; or materials 
containing at least one of these examples. With 
respect to a preferred combination of such a con- 
ductive material and a cold cathode base, where 
the two materials are alternately deposited by ion 
35 plating or reactive sputtering or a film of a mixture 
of ttie two materials is similarly deposited and heat 
treated as will be described later, few limit is im- 
posed on the cold cathode base material, various 
materials may be used therefor, and the two ma- 
40 terlal may have a common metal element. In the 
practice of the invention, it Is preferred to use a 
metal carbide as the conductive material. 

As previously described, the conductive ma- 
terial of which conductive submicron particles 8 are 
46 formed should have a work function which is lower 
than the work function of the material of which the 
cold cathode base 4 is formed. More particularly, 
as physical values of matter, the conductive ma- 
terial should preferably have a work function of up 
so to 4.0 eV. more preferably 1.0 to 4.0 eV whereas 
the cold cathode base material should preferably 
have a work function of at least 3.8 eV, more 
preferably 3.9 to 5 eV. Among such materials, a 
choice is made such that the difference in work 
55 function between the two materials is at least 0.2 
eV, preferably about 0.4 to 4.0 eV. 

It is to be noted that the work function used 
herein is the magnitude of minimum work needed 



7 



11 



EP0 681 312 A1 



12 



to remove an electron from a solid into vacuum 
and is determinable by X-ray photoelectron spec- 
trometry PCPS) and ultraviolet photoelectron spec- 
trometry (UPS). The work functions of various ma- 
terials are described in the literature, for example. 
V.S. Fomenko. Handbook of Thermionic Proper 
Ties. PLENUM PRESS DATA DIVISION, N.Y., 
1966. 

The conductive material snd the cold cathode 
base material should preferably have a resistivity in 
bulk form of 1x10"^ flcm to 1 ncm and up to 
1x10-* ncm (often from 1x10"^ Qcm to 1x10 * 
0cm). respectively. 

The proportion of the conductive submtaron 
particles 8 relative to the cold cathode base 4 is 
prelerably 1 to 50% by volume, more preferably 3 
to 45% by volume, especially 5 to 30% by volume, 
most preferably up to 25% by volume. 

With such a proportion, the advantages of the 
invention become more prominent In contrast. H 
the proportion of the conductive submtcron par- 
ticles 8 is low. the population of the conductive 
submicron particles 8 of TiC or the like protruding 
from the end surface of the cold cathode 10 pro- 
cessed by etching as will be described later de- 
creases, resulting in electron emission properties 
equivalent to a cold cathode substantially free of 
conductive submicron particles. On the other hand. 
If the proportion of the conductive submicron par- 
ticles 8 is too high, dispersion among conductive 
submicron particles 8 is exacerbated to prohibit 
etohing of the cold cathode base 4 and concentra- 
tion off an electric field at individual conductive 
submicron particles 8. 

Further the cold cathode 10 preferably has a 
thickness of 100 to 2.000 nm. especially 300 to 
1.000 nm. With such a thickness, the advantages of 
the Invention become more prominent In contrast, 
if the cold cathode is too thin, the probability of 
disconnection increases. If the cold cathode is too 
thick, an etching process requires a long time, 
resulting in an increased cost and a loss of pro- 
cessing precision. 

The material of which the insulating substrate 1 
is formed according to the invention includes var- 
ious glasses, silicon wafers, and various ceramtas 
such as alumina. The size of the substrate may be 
properly selected in accordance with a particular 
purpose and application although its thickness may 
be about 0.3 to 5.0 mm. 

In the arrangement of FIG. 1 . the cold cathode 
10 is disposed on the insulating substrate 1 with 
the insulating layer 2 Interposed therebetween. The 
insulating layer 2 may be formed of an insulating 
material such as SIO2. Ta205. YaOa, MgO. and 
SiaNi and have a thickness of about 0.2 to 2.0 um. 
Also the gate electrode 7 may be formed of a 
metal such as Cr. IWo, Ti. Nb, Zr. Hf. Ta. Al. Ni. Cu. 



and W or an alloy thereof and have a thickness of 
about 0.1 to 1.0 am. 

Described below is a method of preparing the 
cold cathode electron source element shown in 

5 FIG. 1. First, as shown in FIG. 2, an insulating layer 
2 is formed on the surface of an insulating sub- 
strate 1 to a predetermined thickness. The insulat- 
ing layer 2 may be deposited as by sputtering. 
Next, as shown in FIG. 3. a thin film in which 

70 conductive submtoron partk:les 8 are finely dis- 
persed in a cold cathode base 4 is formed to a 
predetermined thickness, obtaining a cold cathode 
10. The cold cathode 10 may be fomned by any 
vacuum thin film deposition process such as ion 

rs plating, sputtering and evaporation, with reactive 
ion plating and co-sputtering processes being pre- 
ferred. 

For depositton by the reactive ion plating pro- 
cess, the substrate is set at a temperature of about 
20 1 00 to 500 • C, an evaporation source of an alloy or 
the like corresponding to the cold cathode base 4 
and conductive submicron particles 8 is used and 
heated by electron beams white a gas is intro- 
duced as a carbon, nitrogen or boron source, if 
25 necessary. The gas used as a C source may be a 
reactive gas such as C2H2. C2H4. C2H6, and CH4; 
the gas used as an N source may be a reactive 
gas such as NH3. N2. and N2H2: and the gas used 
as a B source may be a reactive gas such as 
30 B2H&. The gas pressure used herein may range 
from about 1.0x10-2 pa to about 0.2 Pa. the probe 
current for Ionization is about 1 to 5 A. and tiie 
substrate-hearth bias voltage is about 1 to 5 kV. 
For depositton by tiie co-sputtering process, a 
35 sputtering apparatus as shown in FIG. 8 is used. A 
chip 12 of a conductive microparticulate material or 
its components is rested on a target 1 1 formed of a 
cold cathode base material such as Ni. An insulat- 
ing substrate 1 (having an insulating layer 2 on its 
40 surface) Is opposed to the terget 1 1 . In this case, 
the pressure is about 0.1 to 2.0 Pa, and depending 
on the material of conductive submicron particles 8 
or the like, a reactive gas G may be optionally 
introduced into tiie atmosphere, for example, a 
4S hydrocarbon gas such as CH^, C2H6, C2H4. and 
C2H2 serving as a carbon source, a nitride gas 
such as N2, NH3. and fvbH2 serving as a nitrogen 
source, or a boride gas such as B2HS serving as a 
boron source. A power supply 13 has an RF power 
50 of about 0.3 to 5 kW and the substrate temperature 
may be about 100 to 500 'C. Also if necessary, a 
negative bias voltage of less than about 500 V may 
be applied on the anode side. 

Attematively. tiie cold cathode 10 may be ob- 
55 tained by forming an amorphous or microcrystalline 
cold cathode-forming conductor layer 9 and heat 
treating the conductor layer 9 as shown in FIG. 9. 
The cold catiiode-forming conductor layer 9 used 
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herein is composed oi the components of the cold 
cathode base and the components of the conduc- 
tive sutMnicron particles and is preferably formed 
by a reactive co-sputtering process using the sput- 
tering apparatus shown in FIG. 8. More particularly, 
reactive co-sputtering may be carried out with a 
target 11. chip 12 and insulating substrate 1 lo- 
cated as in the above-mentioned co-sputtering pro- 
cess. It is noted that the substrate Is at a tempera- 
ture of 0 to 100* C, especially near room tempera- 
ture (about 15 to 30' C) and ttie pressure is about 
0.1 to 2.0 Pa. Ttie atmosptiere may be a mixture of 
an inert gas such as Ar and a reactive gas intro- 
duced therein as a C. N or B source to be intro- 
duced in accordance with the compositton of the 
cold cathode 10. Its flow rale may be about 20 to 
100 seem as a whole and when the reactive gas is 
introduced, the inert gas such as Ar may occupy 
about 80 to 99%. The power supply 13 may have 
an RF power of about 0.3 to 3.0 kW. 

The thus deposited cold cathode-forming con- 
ductor layer 9 is subject to heat treatment This 
heal treatment causes the amorphous or micro- 
crystalline cold cathode-forming conductor layer 9 
to crystallize, forming a cold cathode in which 
conductive submicron particles 8 are finely dis- 
persed in a cold cathode base 4 as shown in FIG. 
3. 

It can be confirmed from the results of X-ray 
diffractometry 0(RD) or other analysis that the cold 
cathode-f<)rming conductor layer 9 is amorphous or 
microcrystalline as deposited and crystallizes upon 

heat treatment 

The heat treatment method is not critical and 
may be selected from a heal treatment in vacuum 
using a resistance heating heater, a heat treatment 
in an inert gas such as Ar using a diffusion furnace, 
and a heat treatment using an excimer laser. Since 
the heal treatment becomes effective when the 
temperature is at or above the film deposition tem- 
perature, the heat treatment temperature may be 
from the film deposition temperature to 700 'C. 
generally 250 to 700 • C, further preferably 300 to 
600 * C. Too low heat treatment temperatures would 
render difficult wet etching using a nitric acid- 
phosphoric acid etching solution or the like which 
will be described later. This is probably because 
conductive submicron particles 8 do not fully grow 
and more impurities are left in the cold cathode 
base 4. These impurities are deemed to be unreac- 
ted materials, for example. Ti and C (inclusive of 
amorphous one) if the conductive submicron par- 
ticles 8 are of TiC. If the heat treatment temperar 
lure is too high, the glass substrate would soften, 
resulting in deflection of the substrate or separation 
of the film therefrom, restraining element fabrica- 
tion. Then inexpensive glass cannot be used as the 
substrate material and expensive refractory materi- 



als such as quartz must be used. 

The heal treatment time depends on the heat 
treatment temperature. With a higher temperature, 
the treatment time can be short The above-men- 
5 tioned temperature is generally maintained f^ 1/2 
to 5 hours. 

Next, as shown in FIG. 4. after a resist 5 is 
formed on the cold cathode 10, the cold cathode 
10 is configured by a photo-process and wet eteh- 
70 ing with an etching solution such as nitric acid- 
phosphoric add solution. Furtiier the insulating lay- 
er 2 is wet etched using an etohing solution such 
as buffered hydrofluoric acid (BHF)- At tiiis point 
the resist on the cold cathode 10 is left as such 
IS and not removed. Patterning of the cold cathode 10 
by the photo-process is exemplified in FIG. 7. 
Further as shown in FIG. 5, a gate electrode 7 in 
the form of a Cr film and a film 6 of the same 
material as tiie gate electrode are formed over tiie 
20 entire surtace to a predetermined thickness by 
evaporation or the like. Thereafter, as shown in 
FIG. 6, the resist 5 and tiie film 6 in the form of a 
Cr film are removed with a stripping solutton. 

The coW catiiode electron source element of 
25 the inventkMi is not limited to the arrangement 
shown in FIG. 1, but may take the arrangement 
shown in FIG. 10. The cold cathode electron 
source element shown in FIG. 10 has the same 
structure as that shown in FIG. 1 except that the 
30 cold cathode 10 is prepared by a different method 
and that a gate electrode 7b is disposed on the 
substrate through a gate insulating layer 14b. 

The cold cathode 10 in this embodiment is 
prepared by alternately depositing a thin layer of 
35 an element to constitute the cold cathode base 4 
and a thin layer of elements to constitute the con- 
ductive submicron particles 8 to thereby form a 
cold cathode-forming conductor layer, preferably 
effecting heat treatment and processing the con- 
40 ductor layer. This preparation procedure eliminates 
the limitation tiiat where tiie conductive submicron 
particles 8 are of a carbide or nitride, a good 
conductor material unsusceptible to carbonization 
or nitridation must be used as the material of the 
4S cold cathode base 4. Exemplary combinations of 
the material of the conductive submicron particles 
8 and the material of the cold cathode base 4 
include combinations of a carbide of a transition 
metal such as Ti. Zr, Nb. Mo, Hf, Ta and W with 
so Cr. Ni. Cu. Al, Ti. Zr, Nb, Hf. Ta. W. ete., tor 
example, combinations of TiC witii Ti, TiC with f^o, 
and TaC with Mo; combinations of a nitride of a 
transition metal such as Ti. Zr. Nb. Mo, Hf. Ta and 
W with Cr, Ni. Cu, Al. Ti. Zr, Nb. Hf, Ta. W. ete., lor 
65 example, combinations of TaN witii Nb and ZrN 
with W; and combinations of a boride of a rare 
earth metal or transition metal such as La, Ce, Pr, 
Gd. Ti and Ta witii Cr, Ni, Cu, Al, Ti, Zr. Nb, Hf. Ta. 
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W. etc., for example, combinations of LaBe with 
Mo. and TaB with Zr. It is to be noted that the gate 
insulating layer 14b in FIG. 10 may be formed of 
Si02 etc. like the other insulating layers and has a 
thickness of about 0.1 to 2.0 nm. The remaining 
components are the same as in RG. 1. 

Described below is a method for preparing the 
cold cathode electron source element of FIG. 10. 
First, as shown in FIG. 11. an insulating layer 2 is 
formed on the surface of an insulating substrate 1 
to a predetermined thickness by sputtering or the 
like. 

Next, as shown in FIG. 12. a thin layer 3a of an 
element to constitute the cold cathode base 4 and 
a thin layer 3b of elements to constitute the con- 
ductive submicron particles 8 are alternately de- 
posited on the surface of the insulating layer 2 
using a sputtering apparatus as shown in FIG. 17. 
the alternately deposited layers forming a cold 
cathode-forming conductor layer 3. 

For forming the alternately deposited layers, 
multi-source sputtering may be carried out. for 
example, by using a target 15 made of the cold 
cathode base material such as Ni and a target 16 
made of the conductive submicron particle material 
such as TiC or elements thereof as shown in FIG. 
17. Opposed to the targets 15 and 16 is a turntable 
on which insulating substrates 1 (having an insulat- 
ing layer on their surface) are rested. Deposition is 
effected while rotating the turntable. 

Thin layers 3a of a component to constitute the 
cold cathode base 4 are fomned by sputtering with 
only an inert gas G1 such as Ar introduced. And 
thin layers 3b of components to constrtule the 
conductive submicron particles 8 are formed by 
reactive sputtering with a reactive gas G2 such as 
a hydrocarbon introduced along with the inert gas 
G1 if the material is a carbide. These film deposi- 
tion steps are effected altemately at different posi- 
tions. This can restrain fomiation of amorphous 
carbon and other impurities rather than a process 
wherein two targets are disposed at different posi- 
tions and sputtering is carried out while continu- 
ously introducing the reactive gas G2. 

One useful means for carrying out sputtering 
and reactive sputtering altemately in a common 
vacuum chamber in this way is by controlling the 
operation of a shutter 18. for example. For further 
suppressing formation of impurities, it is acceptable 
to provide an additional shutter on the side of the 
substrate 1 and control the operation of the shutter 
on the substrate 1 side in synchronization with the 
operation of the opposing shutter 18 on the targets 

15 and 16 side. 

The substrate temperature is about 100 to 
400 'C. the pressure is about 0.1 to 2.0 Pa. the 
flow rate of the surrounding gas is about 20 to 100 
seem in total, and ttie amount of reactive gas when 



introduced is about 1 to 20% of the entire gases. 

Also a power supply 17 may have an RF power 
of about 0.3 to 3.0 kW. When sputtering is effected 
for forming tiiin layers 3a of Ni or the like, anode 

5 grounding or other useful means may be taken. 
When reactive sputtering is effected for forming 
thin layers 3b of elements to constitute conductive 
submicron particles 8, application of a negative 
bias voltage of up to about 500 V to tiie substrate 

10 side or other useful means may be taken, if neces- 
sary. 

It is also possible to effect sputtering and reac- 
tive sputtering alternately using only ttie material of 
the cold cathode base 4 as a target. For a com- 
75 bination of TiC-Ti. for example, a turntable having 
insulating substrates 1 rested thereon is opposed 
to a target 21 of ttie coW cattiode base material 
such as Ti as shown in RG. 18, whereby sputtering 
and reactive sputtering are alternately carried out 
20 Thin layers 3a of Ti or ttie like are formed by 
sputtering witti only an inert gas Gl such as Ar 
introduced. And ttiin layers 3b of elements to con- 
stitute the conductive submicron particles 8 are 
formed by reactive sputtering with both an inert 
25 gas Gl such as Ar and a reactive gas G2 such as 
a hydrocarbon introduced. Specific conditions are 
the same as previously described. For further sup- 
pressing formation of amorphous carbon and otiier 
impurities, it is preferable to operate shutters 25 
30 and 26 disposed in proximity to the target 21 and 
the substrate 1 , respectively, upon switching of ttie 
surrounding gas as shown in FIG. 18. 

Preferably the Uiin layers 3a of an element to 
constitute the cold cattiode base 4 have a thick- 
35 ness of about 1 to 100 nm. more preferably about 
10 to 40 nm. Within such a ttiickness range, there 
is obtained a cold cattiode 10 having conductive 
submicron particles 8 well dispersed therein. In 
contrast, if the layers 3a are too thick, the amount 
40 Of conductive submicron particles 8 dispersed 
therein would be reduced, leading to ttie same 
properties as those of a coW cathode consisting 
essentially of ttie cold cathode base 4. If ttie layers 
3a are too thin, dispersion of conductive submicron 
45 particles 8 would be exacerbated to restrain micro- 
processing. 

Also preferably ttie thin layers 3b of compo- 
nents to constitute the conductive submicron par- 
ticles 8 have a tiiickness of 0.5 nm to 50 nm (5 A 

50 to 500 A), more preferably 1 nm to 10 nm (10 A to 
100 A). Within such a tiiickness range, there is 
obtained a coW cattiode 10 having conductive sut>- 
micron particles 8 well dispersed therein, in con- 
trast, if the layers 3b are too Uiin. nucleation of 

65 crystals to forni conductive submicron particles of 
TiC or the like would be insufficient so that impuri- 
ties such as an amorphous Ti and C mix film are 
likely to deposit and the volume factor of crystals 
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to form conductive submicron particles of TiC or 
the like might not be noticeably improved even 
after heat treatment. It is also difficult to form such 
ultra-thin layers in a reproducible manner. If the 
layers 3b are too thick, they would have a continu- 
ous film structure which prevents formation of a 
structure having microcrystalline particles of TiC or 
the like dispersed and contained in a cold cathode 
base of Ni or the like. Heal treatment can partially 
create a structure having microcrystalline particles 
of TiC or the like dispersed and contained therein, 
but the continuous film structure is substantially 
maintained so that etching of the cold cathode- 
forming conductor layer is difficult. 

Further preferably the ratio of thickness of thin 
layer 3b to thin layer 3a ranges from about 1/99 to 
1/2, more preferably from 1/50 to 1/3. The number 
of stacking layers may be about 5 to 30 layers for 
each group. The lowermost layer may be a thin 
layer 3a of an element to constitute the cold cath- 
ode base 4. 

Because of the reduced thickness, thin layers 
3b of TiC or the like as deposited have an island 
structure rather than a continuous structure that the 
surface is entirely covered with TiC or the like and 
are in a generally microcrystalline state wherein 
amorphous and microcrystalline phases are co- 
present. This can be confirmed by cross-sectional 
TEM ot>servation. 

Depending on sputtering conditions, thin layers 
3b of components to constitute the conductive sub- 
micron particles 8 can be deposited in a satisfac- 
torily crystalline state although it is often preferable 
to carry out the at)Ove-mentioned heat treatment on 
the cold cathode-forming conductor layer 3 after 
deposition. The heat treatment improves the 
crystallinity of the conductive microparticulate ma- 
terial such as TiC as well as the disperston of 
conductive submicron particles 8. The method and 
conditions of heat treatment are tiie same as pre- 
viously described. A cross-sectional TEM observa- 
tion of the cold cathode-forming conductor layer 3 
after heat treatment reveals that it has changed into 
a structure having conductive submicron particles 8 
of TiC or the like substantially uniformly dispersed 
in a cold cathode base 4 of Ni or the like as shown 
in FIG. 13. It is also confirmed that submicron 
particles of TiC or the like are crystals within the 
above-defined particle size range. The improved 
crystallinity of tiie conductive microparticulate ma- 
terial such as TiC can also be confirmed by X-ray 
diffractometry. 

Steps subsequent to the formation of tiie coW 
cathode-forming conductor layer 3 in this way are 
approximately tiie same as in the manufacture of 
the element of FIG. 1- 

A resist 5 is first formed on the region of the 
cold cathode-forming conductor layer 3 consisting 



of the cold cathode base 4 such as Ni and the 
conductive submicron particles 8 such as TiC that 
will eventually iom a cold cathode. By wet etehing 
witti an etching solution such as nitric acid-phos- 
5 phoric acid solution, the cold cathode-forming con- 
ductor layer 3 is then processed into a cold cath- 
ode 10. Furtiier the insulating layer 2 is wet etched 
with an etching solution such as BHF. At tiiis point, 
the resist is left as such and not removed. The 
10 structure resulting from this step is shown in FIG. 
14. It is understood that the cold cathode-forming 
conductor layer 3 can also be processed into a 
cold cathode 10 by dry etehing such as reactive 
ion etehing (RIE) instead of tiie above-mentioned 
15 wet etching. 

Then as shown In FIG. 15, an insulating film 
14a of SiQ2 or the like having a predetermined 
thickness and a film 7a of a selected gate elec- 
trode-forming material having a predetermined 
20 thickness are deposited in this order over the entire 
surface by evaporation or the like. At the same 
time, a gate insulating layer 14b of SiOz or the like 
and a gate electrode 7b are formed. 

Since the unnecessary insulating film 14a of 
25 SiOa or the like and the unnecessary film 7a of the 
same material as the gate electrode such as Cr are 
present on the resist 5 at this point, a next step is 
to lift off the unnecessary insulating film 14a of 
SiQ2 or the like and the unnecessary film 7a along 
30 with the resist 5, obtaining the cold cathode elec- 
tron source element shown in FIG. 10. The cold 
cathode electron source element may have an ar- 
ray as shown in FIG. 16. for example. 

The cold cathode electron source element of 
35 the invention may further take tiie arrangement 
shown in FIG. 19. The cold catiiode electron 
source element shown in FIG. 19 has the same 
structure as that shown in FIG. 10 except thai the 
cold catiiode 10 is disposed directiy on the insulat- 
40 ing substrate 1 without interposing an insulating 
layer therebetween. 

The foregoing cold catiiode electron source 
elements are of Uie structure known as a lateral 
emitter, Additionally tiie present invenlkm may lake 
45 a vertical emitter structure. The vertical emitter can 
be a high density element having a larger number 
of elements per unit area than the lateral emitter 
and be applied to flat panel displays and similar 
devices requiring X-Y matrix wiring through a rela- 
50 tively simple process. 

FIG. 20 illustrates a cold catiiode electron 
source element having a cold catiiode 40 and a 
gate electrode 7b surrounding tiie cathode. In the 
illustrate embodiment, both ttie outer peripheral 
55 shape of the cold cathode 40 and the inner periph- 
eral shape of the gate electrode 7b are circular. 
Also in this structure, the present invention has the 
advantage of eliminating a need to finely process 
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the emitter into a conical shape. This etement is 
prepared in accordance with the steps of FIGS. 21 
to 25. First, as shown in FIG. 21, an emitter-forming 
wiring layer 32 is deposited on a glass substrate 1 
and then processed into a predetermined wiring 
pattern by conventional photolithography. Then as 
shown in FIG- 22. a conductive spacer layer 36 is 
formed on the surface of the emitter-forming wiring 
layer 32 and a cold cathode-forming conductor 
layer 33 is deposited thereon by attemate sputter- 
ing. Thereafter, the cold cathode-forming conductor 
layer 33 is heat treated. Through the heat treat- 
ment, the conductive microparticulate material in 
the cold cathode-forming conductor layer 33 
changes its structure from an island structure 33b 
as shown in FIG. 22 to a microparticulate dispersed 
structure as shown in FIG. 23, forming conductive 
submicron particles 38. Concun'ently, the cold 
cathode base 33a in the cold cathode-forming con- 
ductor layer 33 changes into a more crystalline 
cold cathode base 34. There is fomned a cold 
cathode-forming conductor layer 40 having the 
conductive submicron particles 38 dispersed in the 
cold cathode base 34. 

Thereafter, a circular resist pattern 35 is 
formed on the surface of a selected element region 
of the cold cathode-forming conductor layer 40 by 
photolithography as shown in FIG. 24. and the cold 
cathode-forming conductor layer 40 is etched. 
Then the spacer layer 36 is processed by dry 
etching, for example, forming a stnjcture as shown 
in FIG. 24. Furthermore, in order to form a gate 
insulating layer 14b and a gate electrode 7b. a film 
of the same material as the gate insulating layer 
14b and a film of the same material as the gate 
electrode 7b are deposited in this order over the 
entire surface by evaporation or the like as shown 
in FIG. 25. Since the unnecessary films 14a and 7a 
are present on the resist 35 at this point, the resist 
and unnecessary films 14a and 7a are removed by 
immersion in a resist stripping solution. As a result, 
a cold cathode electron source element as shown 
in FIG. 20 is fabricated. Thereafter, the gate elec- 
trode layer 7b and gate insulating layer 14b are 
processed by photo-etehing. forming a gate wiring 
pattern as shown in FIG. 26, for example. 

The cold cathode electron source element of 
the invention is not limited to the foregoing em- 
bodimente and includes various other embodi- 
ments. 

FIG. 27 shows an exemplary application of the 
cold cathode electron source element of the inven- 
tion. Shown in FIG. 27 is an arrangement wherein a 
cold cathode electron source element having dis- 
posed on an insulating substrate 1 a cold cathode 
10 and a gate electrode 7b with an interposing gate 
insulating layer 14b is used as an electron source 
for a flat panel display. By applying a voltage 



across the cold cathode 10 and the gate electrode 
7b as shown in the figure, an electric field is 
concentrated at the surface of the coW cathode 10 
to evoke emission of electrons e. While the amount 

5 of electrons e emitted is properly controlled by the 
action of the gate electrode 7b, electrons e reach 
an anode 30 having a fluorescent material layer 31 
Iwrne on its surface. By the action of electrons, the 
fluorescent material layer 31 then emits light. And 

10 otherwise, the cold cathode electron source ele- 
ment of the invention may be applied as high- 
frequency amplifiers, switehing elements and the 
like. 

75 INDUSTRIAL APPLICABILITY 

According to the present invention, there is 
provided a cold cathode electron source element 
which allows electrons to be extracted with a tow 
20 voltage to provkJe high emission current so that the 
element can be driven by an integrated circuit (IC), 
thin film transistor (TFT) or the like, promising 
performance improvement and power consumption 
saving of devices and which allows the coW cath- 
25 ode base to be processed by a conventional photo- 
process and etching so that the element can be 
simply configured to any desired shape and in- 
creased in surface area. 

In the preferred embodiment wherein particles 
30 of conductive material are distributed in an ex- 
posed or protruding state with respect to the sur- 
face of the cold cathode, there is provided a coW 
cathode electron source element which enables 
electron extraction with a low voltege due to con- 
35 centration of an electric field and offers a high 
emission current 

In the further preferred embodiment wherein 
particles of conductive material have a smaller 
mean particle size, there is provided a cold ca,th- 
40 ode electron source element which offers a high 
emission current and exhibits a stabte emission 

current t^ehavior. 

When a method of forming the cold cathode by 
heat treatment is used, processability of the cold 

45 cathode-forming conductor layer by etching is im- 
proved, leading to improvemente in productivity. 

The embodiment wherein heat treatment is 
used so that the conductive material is further 
improved in crystallinity provides a cold cathode 

50 electron source element which enables electron 
extraction with a low voltage and exhibits a stable 
emission current t»ehavior. 

In the embodiment wherein the cold cathode is 
formed by an alternate deposition process so that 

55 the particle size of conductive material particles 
may be controlled in iems of the thickness of a 
thin layer composed of the componente to con- 
stitute the conductive material particles and thus 
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the electron extracting voltage can be controlled 
low. there is provided a cold cathode electron 
source element having an electron extracting volt- 
age which is lower by one order than in the con- 
ventional elements and offfering a stable high emis- 
sion current. 

Furthermore, where the thickness of a thin lay- 
er composed of the components to constitute the 
conductive material particles is set wHhin a specific 
range and the thin layer composed of the compo- 
nents to constitute the conductive material particles 
has an island structure rather than a continuous 
film structure, it is possible to form a structure 
wherein conductive material particles are substan- 
tially dispersed in the cold cathode base. As a 
consequence, the cold cathode base can be readily 
etohed with an etchant for the cold cathode base 
material and a structure wherein particles of con- 
ductive material are exposed at or protrude from 
the etched section of the cold cathode base can be 
consistently formed in a reproducible manner. 
Then a cold cathode electron source element 
which can be driven with a low voltage and pro- 
duce high emission current in a stable manner can 
be manufactured in high yields. 

Moreover, where the cold cathode-forming con- 
ductor layer is further heat treated, the cold cath- 
ode base and conductive material particles are 
increased in crystal grain size, and the component 
to constitute the conductive material particles which 
is incorporated into the cold cathode base as an 
impurity and the component to constitute the cold 
cathode base which is incorporated into the con- 
ductive material particles as an impurity precipitate 
at grain boundaries, resulting in a substantial in- 
crease of the dispersity of the conductive material 
particles in the cold cathode base. As a result, 
when the cold cathode base is formed by etching, 
the etching rate of chemical etohing can be in- 
creased. Furthermore, since the mean particle size 
of conductive material particles is uniformed ap- 
proximately to the thickness of a thin layer of the 
components to constitute the conductive material 
particles, a cold cathode electron source element 
capable of un'rform electron emission over an in- 
creased area can be formed. 

EXAMPLE 

Examples of the invention are given betow by 
way of illustration. 

Example 1 

A cold cathode electron source element as 
shown in FIG. 1 was fabricated according to the 
steps of RGS. 2 to 6. First of all. as shown in FIG. 
2. an insulating layer 2 of SiQ2 was deposited on 



the surface of an insulating substrate 1 of glass 
(1 .1 mm thick) to a thickness of 1 imm by a sputter- 
ing process, htext. as shown in FIG. 3, a thin film 
having TiC particles as the conductive submicron 
5 partteles 8 finely dispersed in Ni as the cold cath- 
ode base 4 was deposited thereon to a thickness of 
0.3 am by a reactive ion plating process, forming a 

cold cathode 10. 

The reactive ion plating process used a sub- 
TO strate temperature of 400^ C. a Ni-50% Ti alloy as 
an evaporation source which was heated by elec- 
tron beams, C2H2 gas as a carbon source which 
was introduced at 0.11 Pa. a probe current of 2 A 
for tonization, and a substrate-hearth bias voltage 

f5 of 2 kV. 

Next, as shown in FIG. 4, after a resist 5 was 
formed on the coW cathode 10, the cold cathode 
10 was configured by patterning according to the 
pattern of FIG. 7 by a photo-process and wet 
20 etching with an etehing solution of a nitric acid- 
phosphoric acid system, and then the insulating 
layer 2 was wet etched with BHF. At this point, the 
resist 5 on the cold cathode 10 was left unchanged 
and not removed. As shown in FIG. 5, a Cr film 
5 serving as a Cr film 6 and a gate electrode 7 was 
formed over the entire surface to a thickness of 0.3 
am by an evaporatfon process. Thereafter, the 
resist 5 and Cr film 6 were removed with a strip- 
ping solution as shown in FIG. 6. 
» In this way. the cold cathode electron source 
element of FIG. 1 was obtained. The distance d 
between the cold cathode 10 and the gate elec- 
trode 7 was about 0.7 um. In the cold cathode, the 
TiC particles had a mean particle size of about 5 
35 nm as determined from a TiC (200) plane peak in 
XRD. The mean particle size of primary particles 
as determined from a TEM photograph was about 
5 nm. The proportion of TiC particles relative to the 
Ni matrix was about 25% by volume. It is to be 
40 noted that TiC has a work function of 3.53 eV and 
Ni has a work function of 4.50 eV. 

In a test for examining the drive voltage ap- 
plied to the cold cathode electron source element 
for electron emission, electron emission was found 
46 at a gate voltage of about 20 V with an emission 
current variation of up to 5%. This is a signHicant 
improvement in performance over a prior art cold 
cathode electron source element wherein electron 
emission was found at a gale voltage of about 80 V 
50 with an emissfon current variation of about 20 to 
40%. 

It is ttelieved that since chemically very stable 
TiC having a low work function and insensitive to 
adsorption gases could be formed as the micropar- 
55 ticulate conductive submicron particles 8 and since 
the conductive submicron particles 8 which are 
dispersed and contained in the cold catiiode base 
4 as a conductive matrix and exposed at or pro- 
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truded from the surface of the cold cathode base 4 
are distributed at a high population, electron emis- 
sion occurred at a low voltage, the amount of 
electrons emitted increased, an electron emission 
behavior was averaged to provide a stable electron 
emission t)ehavior. 

Moreover, although it is difficult to subject the 
conductive submicron particles 8 to micro-process- 
ing like etching since the particles 8 themselves 
are chemically stable, the cold cathode electron 
source element can be readily formed by etching 
the cold cathode base 4. 

The fact that the conductive submicron par- 
ticles 8 have a small particle size and are exposed 
or protruded eliminates a need for sharply configur- 
ing the finger tips of the cold cathode 10. which 
technically simplifies a manufacturing process, 
achieving an improvement in manufacturing yield. 

Example 2 

After an SiCfe layer was formed on a substrate 
as in Example 1 . a thin film (0.3 am thick) having 
TiC particles finely dispersed in Ni was formed by 
a co-sputtering process using a sputtering appara- 
tus as shown in FIG. 8. The co-sputtering process 
used a nickel target 11 (thickness 3 mm. diameter 
8 inches) and titanium chips 12 rested thereon. 
Four titanium chips sized 10 mm x 10 mm x 1 mm 
were used. The vacuum was 0.5 Pa. the atmo- 
sphere was a mixture otf ethylene gas (3 seem) and 
argon gas (47 seem), the power supply 13 had an 
RF power of 1 kW. and the substrate was at a 
temperature of 200 'C. A bias voltage of -200 V 
was applied to the anode skle. 

After the cold cathode-forming conductor layer 
was formed in this way. as in Example 1 . the cold 
cathode was configured by a photo-process and 
wet etching with a phosphoric acid-nttric acid etch- 
ing solution, and the SiOz layer was wet etched 
with a BHF etching solution. Over the structure, a 
gate electrode-forming Cr film was evaporated to a 
thickness of 0.3 um under the conditton of per- 
pendicular incidence. Thereafter, as in Example 1 . 
the resist and the unnecessary Cr film thereon 
were removed with a stripping solution, obtaining a 
cold cathode electron source element (of FIG. 1). 
The distance between the cold cathode 10 and the 
gate electrode was the same as in Example 1 . In 
the cold cathode, the TiC particles had a mean 
particle size of about 1 nm as determined from the 
result of XRD. The mean particle size of primary 
particles as determined from a TEM photograph 
was about 1 nm. The proportion of TiC particles 
relative to the Ni matrix was 5% by volume. 

In a test lor examining the performance of this 
cold cathode electron source element as in Exam- 
ple 1. electron emission was found at a gate volt- 



age of about 40 V with an emission current vari- 
ation of up to 5%, as opposed to a prior art coW 
cathode electron source element wherein electron 
emission was found at a gate voHage of about 80 V 
5 with an emission current variation of about 20 to 
40%. 

It is believed that since chemically very stable 
TiC having a low work function and insensrtive to 
adsorption gases could be formed as the micropar- 
70 ticulate conductive submicron particles 8 and since 
the conductive submicron particles 8 which are 
dispersed and contained in the cold cathode t>ase 
4 as a conductive matrix and exposed at or pro- 
truded from the surface of the cold cathode base 4 
75 are distritwted at a high population, electron emis- 
sion occurred at a low voltage, the amount of 
electrons emitted increased, an electron emission 
l>ehavior was averaged to provide a stable electron 
emission behavior. Moreover, although it is difficult 
20 to sul^ect the conductive submicron particles 8 to 
micro-processing like etching since the particles 8 
themselves are chemically stable, the coW cathode 
electron source element can be readily formed by 
etching the cold cathode base 4. The fact that the 
25 conductive suljmicron particles 8 have a small par- 
ticle size and are exposed or protruded eliminates 
a need for sharply configuring the finger tips of the 
cold cathode 10, which technically simplifies a 
manufacturing process, achieving an improvement 
30 in manufacturing yield. 

Also an element was fabricated by the same 
procedure as above except that TiC chips were 
used instead of the Ti chips. Further elements were 
similarly fabricated using methane gas. propane 
35 gas and acetylene gas instead of the ethylene gas. 
All these elements showed favorable properties as 
at)0ve. 

Example 3 

40 

As in Example 1 , an SiOa layer was formed on 
a substrate 1 (FIG. 2). Next a cold cathode-forming 
conductor layer 9 in the form of a IMi-Ti-C amor- 
phous alloy thin film (or an amorphous nickel-base 

45 alloy thin film containing TiC) was formed to a 
thickness of 0.3 um as shown in FIG. 9 by a 
reactive co-sputtering process using a sputtering 
system as shown in FIG. 8. The co-sputtering pro- 
cess used a nickel target 11 (thickness 3 mm. 

so diameter 8 inches) and titanium chips 12 rested 
thereon. Fifty titanium chips 12 sized 10 mm x 10 
mm X 1 mm were used. The substrate was at room 
temperature (about 20 ' C). the pressure was 1 Pa. 
the atmosphere was a mixture of Ar gas and C2H2 

66 gas introduced at a ftow rate of 45 seem and 5 
seem, respectively, and the power supply 13 had 
an RF power of 1 kW. 
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Subsequently, the cold cathode-forming con- 
ductor layer thin film was heat treated. Using a 
resistance floating fiater, the thin film was main- 
tained at 500 'C in vacuum for 2 hours. Through a 
subsequent procedure as in Example 1, a cold 
cathode electron source element as shown in FIG. 
1 was obtained. 

FIG, 28 shows the results of XRD (Cu Ka X = 
1.5418. filter: monochrometer) of the cold cathode- 
forming conductor layer 9 before and after heat 
treatment during the above procedure. As is evi- 
dent from the results of FIG. ^ before heat treat- 
ment, that is, after deposition of the cold cathode- 
forming conductor layer, a halo indicative of amor- 
phous phase was found at approximately 40'. A 
halo at approximately 25* indicates glass of which 
the substrate was formed. In contrast, after heat 
treatment. X-ray diffraction peaks of TiC and Ni 
were found. It is thus believed that by heat treat- 
ment, there was formed a cold cathode having a 
structure wherein TiC particles as the conductive 
submicron particles 8 were finely dispersed in Ni 
as the cold cathode base 4 as shown in FIG. 3. 

In the element, the distance d between the 
cold cathode 10 and the gate electrode was the 
same as in Example 1 . In the cold cathode, the TiC 
particles had a mean particle size of alwut 3 nm as 
determined from the result of XRD, The mean 
particle size of primary particles as determined 
from a TEM photograph was about 3 nm. The 
proportion of TiC particles relative to the Ni matrix 
was 25% by volume. 

In a test for examining the performance of this 
cold cathode electron source element as in Exam- 
ple 1, electron emission was found at a gate volt- 
age of about 30 V with an emission current vari- 
ation of up to 5%, as opposed to a prior art cold 
cathode electron source element wherein electron 
emission was found at a gate voltage of about 80 V 
with an emission current variation of about 20 to 
40%. It is believed that since chemically very star 
ble TiC having a low work function and insensitive 
to adsorption gases could be formed as the micro- 
particulate conductive submicron particles 8 and 
since the conductive sut>micron particles 8 which 
are dispersed and contained in the cold cathode 
base 4 as a conductive matrix and exposed at or 
protruded from the surface of the cold cathode 
base 4 are distributed at a high population, electron 
emission occurred at a low voltage, the amount of 
electrons emitted increased, an electron emission 
behavior was averaged to provide a stable electron 
emission behavior, hfloreover, although it is drfficult 
to subject the conductive submicron particles 8 to 
micro-processing like etching since the particles 8 
themselves are chemically stable, the cold cathode 
electron source element can be readily formed by 
etehing the cold cathode base 4. The fact that the 



conductive submicron partteles 6 have a small par- 
ticle size and are exposed or protruded eliminates 
a need for sharply configuring the finger tips of the 
cold cathode 10, which technfcally simplifies a 
s manufacturing process, achieving an improvement 
in manufacturing yield. 

Example 4 

fo A cold cathode electron source element as 
shown in FIG. 10 was fabricated according to the 
steps of FIGS, 11 to 15. First of all, as shown in 
FIG. 11. an insulating layer 2 of Si02 was depos- 
ited on the surface of an insulating substrate 1 of 
fs glass (as in Example 1) to a thickness of 200 nm 
by a sputtering process. Next, using a sputtering 
apparatus as shown in RG. 17, a Ni film and a TiC 
film were alternately deposited in this order to form 
a cold cathode-forming conductor layer 3 consist- 
20 ing of alternately deposited Ni/TiC layers (FIG. 12). 
This Ni/TiC alternate deposition sputtering process 
used a nk^kel target 15 and a titanium target 16 as 
shown in FIG. 17 whereby sputtering of a nickel 
film with argon and reactive sputtering of titanium 
25 with argon and C2H2 were alternately carried out in 
a common vacuum chamber. 

In the case of Ni films, the target 15 of 99.9% 
or higher purity nickel having a thickness of 3 mm 
and a dianneter of 8 inches was used and the films 
30 were deposited to a thfckness of 30 nm per layer 
under the conditions including a substrate tempera- 
ture of 250 ' C. a pressure of 0.5 Pa, an Ar gas flow 
rate of 50 seem, and a power supply 14's RF 
power of 1 kW, with the anode side grounded. 
35 Also in the case of TiC films, the target 16 of 
99.9% or higher purity titanium having a thickness 
of 3 mm and a diameter of 8 inches was used and 
the films were deposited to a thickness of 5 nm per 
layer under the conditions including a substrate 
40 temperature of 300 •C, a pressure of 0.5 Pa, an Ar 
gas flow rate of 47 seem, an acetylene gas flow 
rate of 3 seem, a power supply 17's RF power of 1 
kW, and a bias voltage of -200 V applied to the 
substrate side. 
45 Note that the Ni and TiC films were controlled 
in thickness by previously depositing a single layer 
film of about 1 iLm thick for each group of films 
under the same conditions as used in depositing 
the Ni and TiC films of the alternately deposited 
50 NimC layers, calculating the rales of deposition 
from the film thickness and the deposition time, 
calculating from the deposition rates the deposition 
times taken until a thickness of 30 nm (Ni) or 5 nm 
(TiC) was reached, and actually depositing the re- 
55 spective films for the calculated deposition times. 
Under the above-mentioned conditions, Ni and TiC 
layers, ten layers for each group, were alternately 
deposited, forming a cold cathode-forming conduc- 



15 



27 



EP 0 681 312 A1 



28 



tor layer 3 in the form of alternately deposited 
Ni/TIC layers (total thickness about 350 nm) as 

shown in FIG. 3. 

After the cold calhode-lbmiing conductor layer 
3 In the form of alternately deposited Ni/TiC layers 
was formed, the cold cathode-forming conductor 
layer 3 was heat treated together with the sub- 
strate. The heat treatment used a resistance heat- 
ing heater and maintained the structure in vacuum 
at a treating temperature of 500 • C for 2 hours. 

Next a resist 5 was formed on the region of the 
cold cathode-forming conductor layer 3 consisting 
of the cold cathode base 4 of Ni having dispersed 
therein the conductive submlcron particles 8 of TiC 
that would eventually form a cold cathode. By wet 
etching with a nitric acid-phosphoric acid etching 
solution, the cold cathode-forming conductor layer 
3 was processed into a cold cathode 10. Further 
the insulating layer 2 was wet etched with a BHF 
etching solution. At this point, the resist was left as 
such and not removed. The structure resulting from 
this step is shown in FIG. 14. Then as shown in 
FIG. 15. an Si02 film of 500 nm thick and a gate 
electrode-forming chromium film of 300 nm thick 
were deposited in this order over the entire surface 
by an evaporation process, forming a gate insulat- 
ing layer 14b in the form of a Si02 film and a gate 
electrode 7b in the form of a Cr film. Since the 
unnecessary Si02 film 14a and the unnecessary Cr 
film 7a were present on the resist 5 at this point a 
next step was to lift off the resist 5 together with 
the unnecessary Si02 film 14a and the unnec- 
essary Cr film 7a, obtaining the cold cathode elec- 
tron source element shown in FIG. 10. This cold 
cathode electron source element had an array 

shown in FIG. 16. 

TEM observation was made on the cold cath- 
ode-forming conductor layer 3 both after deposition 
(before heat treatment) and after heat treatment 
during the above procedure. Because of a film 
thickness as thin as 5 nm, the TiC thin layers as 
deposited had an island structure rather than a 
structure wherein the surface is entirely covered 
with TiC and was in a generally microcrystalline 
TiC state wherein amorphous and microcrystalline 
phases were co-present. In contrast, after heat 
treatment, the cold cathode-forming conductor lay- 
er 3 had changed into a structure having conduc- 
tive submicron particles 8 of TiC substantially uni- 
formly dispersed in a cold cathode base 4 of Ni. 
Additionally, the TiC submicron particles were sin- 
gle crystals having a mean particle size of about 5 
nm. 

The improved crystallinity could also be con- 
firmed by XRD. The particle size of TiC submicron 
particles as determined from the results of XRD 
was about 5 nm. In the element, the distance d 
between the cold cathode 10 and the gate elec- 



trode was about 0.4 um. The proportion of TiC 
particles relative to the Ni matrix was about 15% 
by volume. 

In a test for examining the performance of this 
5 cold cathode electron source element, electron 
emission was found at a gate voltage of about 5 V 
with an emission current variation of up to 5%. An 
emission current of 20 mA per 10,000 chips was 
available in a stable manner over a long time. This 
10 was in contrast to a prior art cold cathode electron 
source element wherein electron emission was 
found at a gate voltage of about 80 V with an 
emission current variation of about 20 to 40% and 
the maximum available emission current was about 
rs 10 mA per 10,000 chips. 

It is believed that since chemically very stable 
TiC having a low work function and insensitive to 
adsorption gases could be formed as the micropar- 
ticulate conductive submicron particles 8 and since 
20 the conductive submicron particles 8 which are 
dispersed and contained in the cold cathode base 
4 as a conductive matrix and exposed at or pro- 
truded from the surface of the cold cathode base 4 
are distributed at a high population, electron emis- 
25 sion occurred at a low voltage, the amount of 
electrons emitted increased, an electron emission 
t^ehavior was averaged to provide a stabte electron 
emission behavior. Moreover, although it is difficult 
to subject the conductive submicron particles 8 to 
30 micro-processing like etching since the particles 8 
themselves are chemically stable, the cold cathode 
electron source element can be readily formed by 
etching the cold cathode base 4. The fact that the 
conductive submicron particles 8 have a small par- 
35 tide size and are exposed or protruded eliminates 
a need for sharply configuring the finger tips of the 
cold cathode 10, which technically simplifies a 
manufacturing process, achieving an improvement 
in manufacturing yield. 

40 

Example 5 

Sample Nos. 1 and 2 were prepared by modi- 
fying the cold cathode-forming conductor layer 3 of 

4B the cold cathode electron source element of Bam- 
ple 4 as follows. In sample No. 1, a Ni film (20 nm 
thick) and a TiC film (10 nm thick), ten layers for 
each group, were alternately deposited in this or- 
der. The films of this example were formed as in 

so Example 4 using the sputtering apparatus shown in 
FIG. 17. The sputtering conditions were the same 
as in Example 4. 

In sample No. 2, a Ni film (20 nm thick) and a 
TiC film (5 nm thick), ten layers for each group, 

55 were alternately deposited in this order. The films 
of this example were formed using a dual shutter 
type apparatus wherein the sputtering apparatus 
shown in FIG. 17 was modified by providing an 
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additional shutter on the substrate 1 side. The 
remaining sputtering conditions were the same as 
in Example 4. 

The results of XRD of sample rtos. 1 and 2 are 

shown in FIG. 29. 

II is evident from the results of RG. 29 that the 
use of the dual shutter type sputtering apparatus 
for deposition is more effective for improving the 
crystallinlty of TiC and Ni. This is probably be- 
cause deposition of amorphous carbon on the sub- 
strate is restrained by positioning an additional 
shutter on the substrate 1 side. 

Example 6 

A cold cathode electron source element as 
shown in FIG. 19 was prepared like the cold cath- 
ode electron source element of Example 4 except 
that no insulating layer of Si02 was interposed 
between the cold cathode 10 and the substrate 1. 
The preparation procedure of this element was in 
accord with Example 4. Using the sputtering ap- 
paratus shown in FIG. 17. the cold cathode-forming 
conductor layer 3 was formed by first forming a Ni 
film directly on a glass substrate (trade name Cor- 
ning #7059 from Corning Glass Works. 0.7 mm 
thick) and then alternately depositing TiC and Ni 
films. The number of stacking layers was 1 1 layers 
of Ni film and 10 layers of TiC film while the Ni and 
TiC films had a thickness of 20 nm and 5 nm, 
respectively. With respect to sputtering, a dual 
shutter type apparatus wherein the sputtering ap- 
paratus shown in FIG. 17 was modified by provid- 
ing an additional shutter on the substrate 1 side 
was used. TiC films were deposited under con- 
ditions including a substrate temperature of 300 'C, 
a pressure of 0.5 Pa. an Ar gas flow rate of 46 
seem, an acetylene gas flow rate of 4 seem, and a 
power supply 17's RF power of 1 kW, with the 
anode side grounded. Ni films were deposited un- 
der the same conditions as above except that no 
acetylene gas was introduced. 

After the cold cathode-forming conductor layer 
3 (total thickness 270 nm) was formed in this way. 
the cold cathode-forming conductor layer 3 was 
heal treated together with the substrate. The heat 
treatment used a resistance heating heater, heated 
the structure in vacuum at 500 "C. and maintained 
at the temperature for 1 hour. 

Thereafter, following the procedure of Example 
4, a cold cathode electron source element was 
obtained. Note that the material of the gate elec- 
trode used herein was Mo. 

FIGS. 30 and 31 are TEM photographs of the 
cold cathode-forming conductor layer after deposi- 
tion (before heat treatment) and after heat treat- 
ment, respectively. These TEM photographs were 
taken from a sample for TEM observation prepared 



by forming an alternately deposited Ni(40nm)mC- 
(5nm)/Ni(40nm) film (total thickness about 85 nm) 
under the same conditions as the cold cathode- 
forming conductor layer 3. 
5 As seen from these photographs. TiC depos- 
ited on polycrystalline Ni in an island fashion ap- 
peared white in the photograph prior to heal treat- 
ment. This TiC is in a generally microcrystalline 
TiC stale in which amorphous and microcrystalline 
10 phases are co-present. It is presumed that after 
heat treatment more or less Ni crystal grains had 
grown to spread their grain boundary in which TiC 
submieron particles were present. As a result, the 
crystallinity and dispersion of TiC were outstandin- 
is gly improved and the cold cathode-forming con- 
ductor layer 3 after heat treatment changed into a 
structure as shown in RG. 13. 

Further, FIG. 32 shows the results of XRD on 
the cold cathode-forming conductor layer 3 before 
20 and after heat treatment It is evident therefrom that 
heat treatment increases the peak intensity of Ni 
and TiC and improves crystallinity. 

In the element, the distance d between the 
cold cathode 10 and the gate electrode was about 
25 1.0 um. The mean parltele size of TiC particles in 
the cold cathode was about 5 nm as determined 
from the results of XRD. The mean particle size of 
primary particles as determined from a TEM photo- 
graph was about 5 nm. The proportion of TiC 
30 panicles relative to the Ni matrix was about 20% 
by volume. 

This cold cathode electron source element was 
examined for performance. The results are shown 
in FIGS. 33 and 34. FIG. 33 is a graph showing an 

35 emission current (le) relative to a gate voltage (Vg). 
the emission current being per 100,000 chips. FIG. 
34 is a Fowler-Nordheim (F-N) ptot 

It is seen from these results that the cold 
cathode electron source element of the invention 

40 can be driven with a low voltage since electron 
emission was found at a gate voltage of about 4 V. 

Example^ 

4S A cold cathode electron source element as 
shown in FIG. 19 was prepared like the cold cath- 
ode electron source element of Example 6 except 
that the cold cathode-forming conductor layer 3 for 
forming the coW cathode 10 was a stack of al- 
so temately deposited Ti and TiC films. The cold 
cathode-forming conductor layer 3 was formed us- 
ing a sputtering apparatus equipped wrth a titanium 
target 21 (same as in Example 4) as shown in FIG. 
18. More specifically, a Ti film (20 nm thick) was 
55 formed directly on the substrate 1 and a TiC film (5 
nm thick) was formed thereon. The number of 
stacking layers was the same as in Example 6. 
Depositing conditfons for Ti films were the same as 
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the Ni films in Example 6 and deposition of TiC 
films was done as in Example 6. 

After the cold cathode-forming conductor layer 
3 (total thickness 270 nm) was fonned in this way. 
the cold cathode-forming conductor layer 3 was 
heat treated together with the substrate. The heal 
treatment was done under the same conditions as 
in E)ample 6. Thereafter, following the procedure 
of Example 6, a cold cathode electron source ele- 
ment was obtained. It is to be noted that when the 
cold cathode-forming conductor layer 3 was pro- 
cessed into the cold cathode 10. reactive ion etch- 
ing (RIE) was used instead of wet etehing. The RIE 
conditions used herein included a pressure of 15 
Pa. a CF+ flow rate of 40 seem, an O2 flow rate of 
10 seem, an RF power of 500 W, and a substrate 
temperature of 30 • C. 

The cold cathode-forming conductor layer was 
examined by TEM observation and XRD analysis 
both after deposition (before heat treatment) and 
after heat treatment during the above procedure. 
The resulte show the same tendency as in Exam- 
ple 6. indicating thai heat treatment improved the 
dispersion and crystallinity of TiC. It is thus be- 
lieved that the cold cathode-fonning conductor lay- 
er 3 as heat treated had a structure as shown in 
FIG. 13. 

In the element, the distance d between the 
cold cathode 10 and the gate electrode was about 
0.7 urn. The mean particle size of TiC particles in 
the cold cathode was about 5 nm as determined 
from the results of XRD. The mean particle size of 
primary particles as determined from a TEM photo- 
graph was about 5 nm. The proportion of TiC 
particles relative to the Ti matrix was about 20% by 
volume. Note that titanium has a work function of 
3.95 eV. 

This cold cathode electron source element was 
examined for performance as in Example 6 to find 
acceptable results equivalent to Example 6. 

Example 8 

A cold cathode electron source element as 
shown in FIG. 19 was prepared like the cold cath- 
ode electron source element of Example 6 except 
that the cold cathode-forming conductor layer 3 for 
forming the cold cathode 10 was a steck of al- 
ternately deposited Mo and TiC films. The cold 
cathode-forming conductor layer 3 was termed us- 
ing the same sputtering apparatus as in Example 6 
except that a molybdenum target (Mo purity 99.9% 
or higher, the same dimensions) was mounted in- 
stead of the nickel target. More specifically, a Mo 
film (20 nm thick) was formed directly on the 
substrate 1 and a TiC film (5 nm thick) was ffonned 
thereon. The number of stacking layers was the 
same as in Example 6. Depositing conditions for 



Mo films were the same as the Ni films in Example 
6 and deposition of TiC films was done as in 
Example 6. 

After the cold cathode-forming conductor layer 

s 3 (total thickness 270 nm) was formed in this way, 
the cold cathode-forming conductor layer 3 was 
heat treated together with the substrate. The heat 
treatment was done under the same conditions as 
in Example 6. Thereafter, following the procedure 

10 of Example 7, a cold cathode electron source ele- 
ment was obtained. 

The cold cathode-forming conductor layer was 
examined by TEM observation and XRD analysis 
both after deposition (before heat treatment) and 

75 after heat treatment during the above procedure. 
The results show the same tendency as in E)am- 
pie 6. indicating that heat treatment improved the 
dispersion and crystallinity of TIC. It is thus be- 
lieved that the cold cathode-forming conductor lay- 

20 er 3 as heat treated had a structure as shown in 
FIG. 13. 

In the element, the distance d between the 
cold cathode 10 and the gate electrode was about 
0.7 urn. The mean particle size of TiC particles in 
25 the cold cathode was about 5 nm as determined 
from the results of XRD. The mean particle size of 
primary particles as determined from a TEM photo- 
graph was about 5 nm. The proportion of TiC 
partk:les relative to the Ti matrix was about 20% by 
30 volume. Note that molybdenum has a work function 
of 4.3 eV. 

This cold cathode electron source element was 
examined for perfonnance as in Example 6 to find 
acceptable results equivalent to E)fflmple 6. 

35 

Example 9 

A cold cathode electron source element as 
shown in FIG. 20 was fabricated in accordance with 
40 the steps of FIGS. 21 to 25. First, as shown in FIG. 
21 . an aluminum film as the emitter wiring layer 32 
was formed on a glass sufcetrate of 1 .1 mm thick to 
a thickness of 0.3 urn by a sputtering process and 
then processed into a predetermined wiring pattern 
45 by conventional photolithography. 

Next, as shown in FIG. 22. Mo (200 nm tiiick) 
and Ni/TaC were deposited by sputtering on the 
surface of tiie emitter wiring layer 32 to form a 
spacer layer 36 and a coW cathode-forming con- 
so ductor layer 33, respectively. In depositing the 
spacer layer 36 and cold cathode-forming conduc- 
tor layer 33. a dual shutter type sputtering appara- 
tus as shown in FIG. 18 wherein targets of Mo, Ni. 
and Ta were mounted was used whereby the lay- 
55 ers were continuously formed in a common vacu- 
um chamber. The Mo, Ni. and Ta targets used had 
a purity of 99.9% or higher, a thickness of 3 mm 
and a diameter of 8 inches. 
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Mo films were deposited under conditioris in- 
cluding a substrate temperature o1 300'C, an Ar 
gas flow rate o1 50 seem, a pressure of 0.5 Pa. and 
a power supply 17's RF power of 1 kW, with the 
anode side grounded. Ni/TaC films were deposited 
by the same alternate deposition process as in 
Example 6 wherein a Ni film (20 nm thick) and a 
TaC film (5 nm thick) were alternately deposited in 
this order to form 11 layers and 10 layers, respec- 
tively. The depositing conditions were the same as 
in Example 6 except that the Ti target was re- 
placed by a Ta target 

After the cold cathode-forming conductor layer 
3 (total thickness 270 nm) was formed in this way, 
the cold catfiode-forming conductor layer was heat 
treated together with the substrate. The heal treat- 
ment used a resistance healing heater, heated the 
structure in vacuum at 500 • C. and maintained at 
the temperature for 1 hour. Through this heat treat- 
ment. TaC in the cold cathode-forming conductor 
layer changed from an island structure 33b as 
shown in FIG. 22 to a microparticulate dispersed 
structure as shown in RG. 23. 

The cold cathode-forming conductor layer (33 
and 40) was examined by TEM observation and 
XRD analysis both after deposition (before heat 
treatment) and after heat treatment during the 
above procedure. The results showed the same 
tendency as the alternately deposited Ni/TiC layer. 
It was found that heat treatment caused the TaC 
crystal particles to assume a particle size of 5 nm 
approximately equal to the layer thickness, improv- 
ing the dispersion and crystallinity of TaC. 

Thereafter, as shown in FIG. 24, a circular 
resist pattern 35 having a diameter of 1 am was 
formed on the surface of a selected element region 
of the cold cathode-forming conductor layer 40 by 
photolithography. The heat treated cold cathode- 
forming conductor layer 40 was then etched with a 
nitric acid-phosphoric acid etehant. Next, the spac- 
er layer 36 was processed by dry etching with a 
gas mixture of CF4 + O2. forming a structure as 
shown in FIG. 24. 

Thereafter, as shown in FIG. 25, to form a gate 
insulating layer 14b (600 nm thick) and a gate 
electrode 7b (200 nm thick), SiQz and Cr were 
deposited over the entire surface in this order by 
an evaporation process. Since the unnecessary 
SiOz film 14a and Cr film 7a are present on the 
resist 5, the structure was immersed in a resist 
stripping solution to remove the resist and the 
unnecessary Si02 film 14a and Cr film 7a. obtain- 
ing the cold cathode electron source element 
shown in HG. 20. Thereafter, the gate electrode 7b 
and gale insulating layer 14b were photo-etohed, 
forming a gate wiring pattern as shown in FIG. 26. 
It is noted that the proportion of TaC particles 
relative to the Ni matrix in the cold cathode 40 was 



about 20% by volume. TaC has a work function of 
3.93 eV. 

This coW cathode electron source element was 
examined for performance as in Example 6 to find 
5 acceptable results equivalent to Example 6. 

Additionally, cold cathodes were formed as in 
Examples 6 to 9 using combinations of various 
materials such as f^o-TiN and Cr-LaB6 and simi- 
larly examined for performance to find equivalent 
10 results. 

Claims 

1. A cold cathode electron source element having 
15 a cold cathode. 

said cold cathode comprising a coM cath- 
ode base and particles of a conductive ma- 
terial dispersed and contained in saki base and 
having a lower work function than said base 
20 and a particle size which is less than the 
thickness of said cold cathode, 

said particles be\t\g dispersed in a sub- 
stantially discrete relationship and exposed at 
a surface of said cold cathode. 

25 

2. The cold cathode electron source element of 
daim 1 wherein said particles have a mean 
parttole size of 0.05 nm to 50 nm as deter- 
mined from X-ray diffraetometry. 

3. The cold cathode electron source element of 
daim 1 or 2 wherein said particles have a 
mean particle size of 0.5 nm to 50 nm as 
measured by observation under a transmission 

35 electron microscope. 

4. The cold cathode electron source element of 
any one of claims 1-3 wherein said particles 
are contained in an amount of 1 to 50% by 

40 volume based on said cold cathode base. 

5. The cold cathode electron source element of 
any one of claims 1-4 wherein sakl particles 
protrude from the surface of said cold cathode. 

45 

6. The cold cathode electron source element of 
any one of claims 1-5 wherein said cold cath- 
ode is obtained by depositing a component for 
said cold cathode base and a component for 

50 said conductive material by a vapor phase 
technique. 

7. The method for preparing the cold cathode 
electron source element of any of claims 1-5 

55 wherein said coW cathode is prepared by al- 

ternately depositing a thin layer of a compo- 
nent to constitute sakl cold cathode base and 
a thin layer of a component to constitute said 
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conductive material particles to thereby form a 
cold cathode-forming conductor layer. 

8b The method for preparing a cold cathode elec- 
tron source element of claims 7. s 

wherein said method comprises the steps 
of forming an amorphous or microcrystalline 
cold cathode-forming conductor layer and ef- 
fecting heat treatment on the cold cathode- 
forming conductor layer. 

9. The method of claim 8 wherein said heat treat- 
ment is effected at a temperature in the range 
from a film depositing temperature to 700' C. 

75 

10. The method of claim 7 wherein said method 
comprises the steps of alternately depositing a 
thin layer of a component to constitute said 
cold cathode base and a thin layer of a com- 
ponent to constitute said conductive material 20 
particles to thereby form a cold cathode-for- 
ming conductor layer. 

11. The method of claim 10 wherein said thin layer 

of a component to constitute said conductive 25 
material particles has a thickness of 0.5 nm to 
50 nm. 

ia The method of claims 10-11 wherein after the 
conductor layer for the cold cathode is formed, 30 
said cold cathode-forming conductor layer is 
heat treated at a temperature in the range from 
a film depositing temperature of said cold cath- 
ode-forming conductive layer to 700 'C. 

35 
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FIG. 14 
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FIG, 2 0 
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FIG. 2 3 
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FIG. 25 
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FIG. 2 7 
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